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[57] ABSTRACT

A drive system is described for driving high-inertia
loads such as, for example, conveyor belts for carrying
minerals in mines, quarries, etc. The drive system for a
high inertia load comprises a prime mover, a brake for
holding the load stationary, reaction sensing means for
indicating the reaction exerted by the brake on the load,
a variable filling fluid coupling having its input con-
nected to the prime mover and its output connected to
the brake and load, the coupling having filling control
means responsive to external control signals for starting
and stopping the load, the control means being respon-
sive to the brake reaction sensor and to the speed of the
load in such a manner as, on receipt of a start-up signal,
to release the brake under control such as to maintain a
desired acceleration rate, and to start filling the fluid
coupling such that the effect of such filling lags behind
the restraining torque of the brake if the load is acting
on it in the forward direction, but if the load is acting in
the backward direction to maintain the brake engaged
and cause the filling control means to increase the filling
of the coupling until the driving torque exerted through
the coupling reduces or eliminates the backward reac-
tion sensed by the brake reaction sensor and thereafter
to release the brake and progressively increase the cou-
pling filling while monitoring the transmitted torque,
until the working speed is attained, the control means
being responsive to a stop signal to progressively re-
duce the coupling filling and to apply the brake while
monitoring the torque exerted on the load to maintain it
below a predetermined value.

16 Claims, 2 Drawing Figures
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HIGH INERTIA LOAD DRIVES AND CONTROLS
THEREFOR

The present invention relates to high-inertia load
drives, for example, for driving long conveyor belts for
conveying minerals such as coal.

Conveyor belis of the type used for mining and quar-
rying operations may be up to many kilometers in
length over 24 m in width. As such the belt itself repre-
sents a considerable financial investment and must be
protected by appropriate controls on the machinery
used to drive the conveyor belt. It is well known to use
fluid couplings between a prime mover such as, for
example, an electric motor and the conveyor belt drive
itself, the fluid coupling being used to give a soft start
and for its inherent ability to insulate the belt from
shock loadings produced by the prime mover. One
known control system is described by Lloyd in U.S.
Pat. No. 4,223,775 where essentially a memory device
stores and continuously updates the level of motor de-
mand power from which data the application of con-
veyor braking on shut-down and release of brakes on
start-up may be controiled. A problem with this is that
the system is not capable of allowing for variation in
conveyor loading during operation. Thus if the control
is programmed for accelerating a loaded conveyor then
a lightly loaded or empty conveyor will be accelerated
much more rapidly. A consequence of this may be that
in some conveyor geometries there is a risk of the mate-
rial on the conveyor being spilled or of the belt being
lifted off the idlers at transitions between horizontal and
upwardly inclined conveyor sections. Similarly, there
may be a requirement in some installations where it is
necessary to limit the acceleration of a downwardly
inclined and loaded belt during start-up and apply con-
trolled braking perhaps, for example, to prevent over-
speeding of the belt and bunching at changes of belt
gradient. It may also be the case that in complex instal-
lations where individual conveyors discharge material
on to and receive material from other conveyors it is
necessary to start or stop all the conveyors in the same
time period regardless of individual load and other
parameters. In this way the loss of production time
usually associated with running-off conveyor loads in
sequence prior to shut-doown and running the material
back on to each conveyor belt again on start-up may be
avoided.

The control described by Lloyd in U.S. Pat. No.
4,223,775 is not able to accomplish the above require-
ments in that it cannot control the case where a con-
veyor is attempting to accelerate on a downwardly
directed incline under gravity. It also cannot stop or
start multiple variably loaded conveyors within the
same time period, since there is no closed loop feedback
of conveyor speed during these phases.

It is an object of the present invention to provide a
drive and control system for a conveyor system which
is able to accelerate a conveyor to a required speed
within a predetermined time period or to brake it to rest
within a predetermined, perhaps different, time period
regardless of load. It is another object to provide drive
and control systems for multiple conveyors which are
able to start up or stop within a desired time period
regardless of conveyor loading.

According to the present invention, there is provided
a drive and control system for driving a high-inertia
load from a prime mover, comprising a brake for hold-
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ing the load stationary, reaction sensing means for indi-
cating the reaction exerted by the brake on the load, a
variable filling fluid coupling having its input connected
to the prime mover and its output connected to the
brake and load, the coupling having filling control
means responsive to external control signals for starting
and stopping the load, the filling control means being
responsive to the brake reaction sensor and to the speed
of the load in such a manner as, on receipt of a start-up
signal, to release the brake under control such as to
maintain a desired acceleration rate, and to start filling
the fluid coupling such that the effect of such filling lags
behind the restraining torque of the brake if the load is
acting on it in the forward direction but if the load is
acting in the backward direction to maintain the brake
engaged and cause the filling control means to increase
the filling of the coupling until the driving torque ex-
erted through the coupling reduces or eliminates the
backward reaction sensed by the brake reaction sensor
and thereafter to release the brake and progressively
increase the coupling filling while monitoring the trans-
mitted torque, until the working speed is attained, the
control means being responsive to a stop signal to pro-
gressively reduce the coupling filling and to apply the
brake while monitoring the torque exerted on the load
to maintain it below a predetermined value.

Where the load is a long conveyor belt with portions
of different gradient it may happen that part of the belt
run is still loaded from previous operations while other
parts are unloaded. As the loaded portion moves from
one gradient to another during start-up or shut-down,
the torque on the drive will vary in magnitude and
possibly direction (especially when a loaded portion
reaches a downhill gradient). When such a condition is
sensed during start-up by sensing a change in the sign of
the torque, the drive control causes the filling control
means to reduce temporarily the coupling filling to
avoid overloading the conveyor belt.

The present invention provides full proportional con-
trol of the drive to the conveyor irrespective of the belt
loading. By being able to start-up or stop multiple vari-
ably loaded conveyors all within a predetermined time
period it is possible to control a complete conveyor
system from a central plant control station with atten-
dant economic benefits due to reduced labour require-
ments.

The variable filling fluid coupling may, for example,
be of the variable scoop type or of the pump filling type.

The invention will now be further described by way
of example with reference to the accompanying draw-
ings, of which:

FIG. 1shows diagrammatically the main components
of a conveyor belt drive system in accordance with the
present invention and

FIG. 2 which shows diagrammatically the system
elements contained within the microprocessor control
unit of FIG. 1.

Referring now to FIG. 1 and where the conveyor
belt drive system shown serves for driving a coal con-
veyor belt 1 in an underground coal mine. The drive
includes a prime mover 2 in the form of a constant speed
three-phase electric induction motor, the output shaft 3
of which drives the impeller or pump element of a vari-
able filling fluid coupling 4 for example of the scoop
control type. The runner or turbine element of the cou-
pling 4 drives a shaft 5 coupled to the input shaft of a
reduction gear box 6 having an output shaft 7 carrying
a driving pulley 8 for the conveyor belt 1.
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The variable filling coupling 4 has a filling control 9
operated by a servo motor 10 in a flameproof housing.
The servo motor 10 is controlled by a servo motor
power drive module 11 in a flameproof housing, the
module 11 attaining the necessary power supply for the
servomotor 10 from a flameproof power supply 12.

A disc brake 13 is mounted on the shaft 5§ and includes
a brake reaction sensor 14, for example in the form of a
strain gauge mounted in its housing, for indicating the
direction and magnitude of the torque exerted by the
brake 13 on the shaft 5 when the brake 13 is engaged.

Operation of the brake 13 is controlled by a brake mod-
ulating control 16 in a flameproof housing.

A tachometer 17 monitors the rotational speed of the
shaft 5. A transducer 18 provides an output representa-
tive of the position of the filling control member 9 of the
fluid coupling 4. The torque in the shafts 3 and 5 is
indicated by a current sensing transformer winding 19
around one of the supply leads of the motor 2.

Control of the operation of the drive system is ef-
fected by means of a microprocessor based control unit
20 to which start-up and shut-down signals are supplied
from a central plant control 23 (not shown) through a
cable 21.

Referring now to FIG. 2 which shows the system
elements of the microprocessor control unit 20 in more
detail. The control unit 20 contains a program memory
. 30 which stores the operating system programs and
= control laws for the control unit 20. A parameter mem-
* ory 31 contains the parameter constants which act on
the signals from the transducer inputs unit shown as 32.
A data memory 33 stores collected data from the vari-
ous drive system transducers required by the control
unit 20. A real-time clock 34 is used to synchronise
further control units 40,50 etc. (not shown) similar to
unit 20 which may be distributed along the conveyor
~ for future development of power sharing of multiple
fluid couplings. A servo/control output module 35 con-
-~trols the fluid coupling servo motor power drive mod-
ule 11 and brake control 16. A serial input/output inter-
face 36 provides for external control and data capture
from the central plant control 23 (not shown) through
the cable 21. Operation of the unit 20 is controlled by a
central microprocessor 37.

The outputs of the brake reaction sensor 14, tachome-
ter 17, scoop position transducer 18 and transformer
winding 19 are all fed into the microprocessor control
unit 20 together with any other required signals repre-
sentative of the correct operation of other parts of the
plant. These signals are all conditioned into the required
format by the transducer inputs unit 32.

The microprocessor control unit 20 is a low voltage
unit which is powered by an intrinsically safe low volt-
age power supply 22. Outputs from the microprocessor
control unit 20 are conveyed through appropriate ca-
bles, depending on the control system and transducer
status to the drive module 11 for the filling control drive
9 for the coupling 4, and the brake modulating control
16 for the brake 13.

In operation, the motor 2 will be kept running except
in the case of prolonged shut-down. When the con-
veyor belt is at rest, the brake 13 will be engaged to
prevent any accidental movement of the belt 1. When it
is required to drive the belt 1, an appropriate signal is
fed into the microprocessor control unit 20 through the
serial input/output interface 36 via the cable 21 to initi-
ate both start-up and shut-down routines.
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The control unit 20 first ascertains the direction of the
reaction sensed by the brake sensor 14. If the load on the
belt is tending to drive it in the forward direction, the
control unit 20 causes the brake 13 to be gradually re-
leased, but still preventing uncontrolled acceleration,
and thereafter causes the module 11 to drive the servo
motor 10 to start to move the filling control member to
fill coupling 4 but without transmitting any substantially
forward torque. Once the coupling is full the accelera-
tion of the load will be controlled by regenerative brak-
ing by the electric motor and the brake is, at that stage,
fully released. If, however, the load on the conveyor
belt 1 is tending to drive the latter backwards, the con-
trol unit 20 keeps the brake 13 engaged while causing
the drive 9 to start to fill the coupling. As the degree of
filling of the coupling increases, the torque transmitted
through it from the motor 2 increases to a value equal to
the torque exerted by the conveyor belt 1. The torque
sensed by the sensor 14 thus drops substantially to zero
and in response to this, the control unit 20 causes the
brake 13 to be released under the control of the proces-
sor stored algorithm. In either event, the motor 2 is now
beginning to drive the conveyor belt 1 in the forward
direction.

Once the brake 13 has been released, the control unit
20 senses the driving torque exerted by the motor 2 by
means of the transformer winding 19 and controls the
operation of the filling control drive 9 to prevent exces-
sive loads on the conveyor belt 1 and motor 2. In partic-
ular, the control unit 20 monitors the rate of change of
the acceleration of the shaft 5 and thus of the belt 1 by
means of the tachometer 17.

When the shut-down signal is received through the
cable 21, the control unit 20 causes the filling control
drive 9 to operate to reduce the degree of filling of the
coupling 4 to produce a controlled deceleration of the
belt 1 and monitored by the tachometer 17. If the re-
quired deceleration of the belt is not achieved, the con-
trol unit 20 applies the brake 13 to the appropriate ex-
tent required to bring the conveyor belt 1 to rest with-
out excessive deceleration.

In large installations which will have several driving
motors 2 distributed along the path of the belt, one
control unit 20 may be arranged to be a master control
unit and be connected to synchronise the operation of
the other control units. An essential requirement of this
is that all control units are synchronous with the Master
Control Unit and with each other. For this purpose the
real-time clock 34 inside each control unit 20 will be
used. Each control unit 20 is initially set up with the
same time-code and will run independently from each
other unit. As the real-time clock has a very accurate
clock frequency each unit will therefore remain in syn-
chronisation with each other; this will ensure substan-
tially uniform acceleration or deceleration of the re-
spective drive pulleys 8. This may be further achieved
by ensuring that the currents sensed by each of the
transformer windings 19 is the same for all of the drives.

The real-time clock 34 will also be used to log-in
transducer events in real time, therefore giving the
ability to record when events occurred. These would be
held in the data memory 33.

Although the invention has been described with ref-
erence to, for example, servo motor drive to the filling
control, it will be appreciated that any known methods
or apparatus may be employed for such features. Linear
actuators may, for example, be substituted for servvo
motors. .
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Where proportional speed or torque control is desir-
able the present invention may, for example, be utilised
in driving variable speed fans or pumps.

I claim:

1. Apparatus for driving a high-inertia load from a
prime mover, the apparatus comprising a brake for
holding the load stationary, reaction sensing means for
indicating the reaction exerted by the brake on the load,
a variable filling fluid coupling having its input con-
nected to the prime mover and its output connected to
the brake and load, the coupling having filling control
means responsive to external control signals for starting
and stopping the load, the filling control means being
responsive to the brake reaction sensor and to the speed
of the load in such a manner as, on receipt of a start-up
signal, to release the brake under control such as to
maintain a desired acceleration rate, and to start filling
the fluid coupling such that the effect of such filling lags
behind the restraining torque of the brake if the load is
acting on it in the forward direction, but if the load is
acting in the backward direction to maintain the brake
engaged and cause the filling control means to increase
the filling of the coupling until the driving torque ex-
erted through the coupling reduces or eliminates the
backward reaction sensed by the brake reaction sensor
and thereafter to release the brake and progressively
increase the coupling filling while monitoring the trans-
mitted torque, until the working speed is attained, the
control means being responsive to a stop signal to pro-
gressively reduce the coupling filling and to apply the
brake while monitoring the torque exerted on the load
to maintain it below a predetermined value.

2. Apparatus according to claim 1 and wherein the
prime mover is an electric motor.

3. Apparatus according to either claim 1 and wherein
the high-intertia load is a conveyor belt.
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4. Apparatus according to claim 1 and wherein the
variable filling fluid coupling is of the scoop control
type.

S. Apparatus according to claim 1 and wherein the
filling control means, drive control means are respon-
sive to a microprocessor control unit.

6. Apparatus according to claim 2 and wherein the
high-inertia load is a conveyor belt.

7. Apparatus according to claim 2 and wherein the
variable filling fluid coupling is of the scoop control
type.

8. Apparatus according to claim 3 and wherein the
variable filling fluid coupling is of the scoop control
type.

9. Apparatus according to claim 6 and wherein the
variable filling fluid coupling is of the scoop control
type.

10. Apparatus according to claim 2 and wherein the
filling control means, drive control means are respon-
sive to a microprocessor control unit.

11. Apparatus according to claim 3 and wherein the
filling control means, drive control means are respon-
sive to a microprocessor control unit.

12. Apparatus according to claim 4 and wherein the
filling control means, drive control means are respon-
sive to a microprocessor control unit.

13. Apparatus according to claim 6 and wherein the
filling control means, drive control means are respon-
sive to a microprocessor control unit.

14. Apparatus according to claim 7 and wherein the
filling control means, drive control means are respon-
sive to a microprocessor control unit.

15. Apparatus according to claim 8 and wherein the
filling control means, drive control means are respon-
sive to a microprocessor control unit.

16. Apparatus according to claim 9 and wherein the
filling control means, drive control means are respon-

sive to a microprocessor control unit.
* % * ¥ *



